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I. SUMMARY

The first year of an aging study on S-901 fiberglass used in the

Minuteman III Stage III Remanufacture Program has been completed.

Owens-Corning Fiberglas Corporation (OCF), the sole source supplier of
the S~901 fiberglass used in both the Polaris A3R and Minuteman III Stage III
Remanufacture Program, is planning to stop production of the S-901 fiberglass
in 1988. This is six to eight years before the end of the Minuteman III Stage
III Production contract. As a result, S-901 fiberglass will be stored at O°F
for six to eight years, prior to resin impregnation and chamber fabrication.
This study was conducted to determine if the $-901 fiberglass rovings will
meet all specifications after this length of storage,/k}fﬂporg’)' 4}b"}"sc!

The study was completed using two lots of S-901 fiberglass residual to
a Polaris aging study, 5 and 6.5 years old at the time of the dry fiberglass
testing, and newly manufactured fiberglass from the Minuteman III Stage III
remanufacture program. The $-901 fiberglass used in the Polaris program is
the same as used in the Minuteman program, so the testing of this material
gave 6.5 years real-time aging data for the Minuteman remanufacture program.
Results show the S-901 dry fiberglass and resin impregnated fiberglass (with
EF-2 resin) meet all specifications after storage up to 6.5 years with no

aging trends.

A second year of S-901 fiberglass testing has been proposed with an
option for a third year of testing if second year test results indicate the
$-901 fiberglass meets all specifications. These tests will verify the
predicted fiberglass aging trends, and verify the the S-901 fiberglass can

still be used in chamber fabrication after about nine years storage.
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II. BACKGROUND/INTRODUCTION
;u'::\

ﬁ Owens-Corning Fiberglas Corporation (OCF) is the sole source supplier
Vt' of the S-901 fiberglass roving used in the Polaris A3R and the Minuteman III
LR
.Y Stage III Remanufacture Program,

[
The $S-901 fiberglass roving, referred to as "dry fiberglass," is
g@ packaged and stored at a temperature of O0°F and subsequently resin impregnated

. by Ferro Corporation prior to chamber fabrication.
oy
'Q OCF is planning to stop production of $-901 fiberglass in 1988 which is
Yo
;‘ six to eight years before the end of the Minuteman III Stage III Production
- Contract.

L-X

3%

Qf The dry fiberglass roving has reactive sizing designed to cure with the

! impregnated resin matrix. Changes in the degree of fiberglass sizing polymeri-
zation is of primary concern when the dry fiberglass is required to be stored

;vﬁ for several years.

R

R~

;a: The Polaris Program had a similar concern when in 1981 OCF announced

ohe

J that it planned to cease production of WS 1126 S-90]1 fiberglass in 1983,

vtgaaétﬁ

approximately three years before the last need date for Polaris A3R produc-

tion. As a result the Polaris A3 Program developed a program to verify the

.~ required three year storage life of 5-90! fiberglass. The program was success-
4 . . . .
fully complet~d in September, 1983 with fiberglass tested ranging up to 57
1 P p
o months in age. No adverse aging trends were noted from this study. Twenty-
,)
Uy, . . .
' : one balls of 5-90! fiberglass rovings were residual from this study and fiber-
iﬂ; glass from two lots were selected for use in the Minuteman study. Test
»
- . results from the Polaris aging study are directly comparable to the Minuteman
\
;q study, though the resin system used at Ferro and OCF for the S-901 fiberglass
A
;Ei tensile tests has been changed because of a shortage of the WS 1i26 required
Vh vinyl resin. The resin system presently used by Ferro Corporation and OCF 1is
L
. EF-2. The Polaris study was conducted using a vinyl resin with Exon 461 as an
~
-
o "2-
A
)
ey
R

. TR S RIS R I P o w et o I\ ¢ \.\‘ .1"\‘ VA At <N
W, % ‘- > l"' - .~ A L f!\!.f} .. ) ~ >
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ingredient. Manufacture of Exon 461 ceased a few years ago; however, Aerojet
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had a sufficient quantity of Exon 461 to conduct tensile tests for comparison

P with the Polaris test data. Testing to verify the storage life of S-901
SR
b fiberglass rovings was conducted using both the vinyl resin and the EF-2
resin. The use of the two resins allowed a continuation of the Polaris data
!! base as well as providing tensile data to compare results of WS 1126/ASPC
34421 and ASTM-D2343 procedures.
g
4
' III. TEST APPROACH
[ . .
! Two lots of $S-901 fiberglass, residual to the A3R Program, 5 and 6.5
}D years old at the time of the dry fiberglass tests, and newly manufactured
& $-901 glass from the Minuteman III Stage III Remanufacture Program were
ﬁE tested. The fiberglass lots tested were as follows:
. , Dry Fiberglass Impregnated Fiberglass
' ﬁ Manufacture Test Age Test Age
Lot Date Date  (Months) Date (Months)
[
B - 2988 9-18-79 3-86 78 8-86 83
] *.
X
Z 3143 2-02-81 3-86 61 8-86 66
! 3512 11-19-85 3-86 4 8-86 8
R di The S-901 fiberglass was tested according to the test methods and
Nl
B specifications shown in Tables I and II. Tests were also conducted according
1 " to ASTM Procedures in order to develop data correlations with the WS 1126 and
Y, WS 1028 test methods. Dry fiberglass tensile tests were conducted using beth
f - the EF-2 resin system presently used by Ferro Corporation and vinyl resin for
' ;: comparison to the Polaris Test Program.
SR
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Iv. TEST PROGRAM

A. DRY FIBERGLASS TESTS

Dry fiberglass tests were conducted in accordance with the test
matrix shown in Table I, to determine if the aged $-901 roving is within the

following ASPC 34421/WS 1126 acceptance limits:

Test Acceptance Limits
Ignition loss, Wt 2 1.00-2.25
Tensile Strength 400,000 psi Minimum (Polaris, WS 1126)

440,000 psi Minimum (Minuteman, ASPC 34421)

Horizontal Shear
(1) At 250°F 1,000 psi Minimum
(2) After 2 Hr Water Boil 6,000 psi Minimum

Acetone Extraction 70% Minimum
Testing was also conducted to make a comparison of the ASPC

34421/WS 1126 test methods with the ASTM test methods. Dry fiberglass test

results are listed in Table II1 and in the following sections.

l. Ignition Loss and Roving Weight Loss Per Linear Yd

This test determines the amount of organic material that is
removed from the roving after it has been exposed to 1500°F for a minimum of
15 minutes. Ignition loss is determined for the dry fiberglass roving and the
impregnated fiberglass roving. For the dry fiberglass roving, the material
burned off is the sizing. For the impregnated fiberglass roving the material
burned off is both the resin and sizing. After testing for ignition loss, the

roving's weight per linear yard can be determined. This value is used in the

=~ *..'s_.\
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¢

i! tensile strength calculations for the dry fiberglass roving and impregnated
fiberglass roving.

o

;i The ignition weight loss versus age for up to 6.5 years age
is shown in Figure 1. Test data from the Polaris study are shown for

!! comparison. All fiberglass tested was within the specifications requirements
and no aging trends are indicated.

2. Tensile Strength

s "Dry fiberglass' tensile strength tests are conducted on

I fiberglass rovings impregnated with a polymeric binder material (vinyl or

ke EF-2) at Aerojet. Impregnated tensile tests are conducted on fiberglass

. roving impregnated at Ferro Corporation.

"

Tests were conducted using both the Vinyl resin for compar-

3 ison to the Polaris Test Program and the EF-2 resin system presently used by
Ferro Corporation. Tests were conducted according to the Minuteman/Polaris

5; Specifications ASPC 34421/WS 1126 and to ASTM D2343 Procedures A and B in

e order to establish a correlation between the three test methods. The basic

' difference between the ASPC 34421/WS 1126 and ASTM tests is the loading rate.
; The ASPC 34421/WS 1126 specifies a loading rate of 0.10 inches per minute, and

- the ASTM method specifies a loading rate of 0.50 inches/minute. The resulting

Eb increase in the straining rate usually results in a corresponding increase in
tensile strength. The differences between the ASTM Procedures A and B are the

?3 grips used. Procedure A calls for cardboard tabs used with serrated jaws, |

- while Procedure B tests are conducted without tabs, using rubber face grips.

ia ASPC 34421/WS 1126 tests are conducted without tabs, using rubber face grips.

¢ Test results are shown in Figures 2 through 6. WS 1126 tests

oy conducted using the vinyl resin were compared to the Polaris Test Program in

-, Figure 2. No aging trends are indicated, and the test data is above the

i; Polaris minimum acceptance limit of 400,000 psi. Figure 3 compares the

o

.b
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B [

tensile strength versus aging time of S-901 fiberglass impregnated with vinyl
resin versus EF-2 resin, and tested according to the ASPC 34421/WS 1126 test

method. Figures 4 and 5 show the tensile strength versus aging time of fiber-

0’ 'v?

glass tested according to ASTM D2343 Procedure A and ASTM D2343 Procedure B,

respectively. A comparison of fiberglass impregnated with vinyl resin versus

Ex14

EF-2 resin is made. Comparison of the EF-2 and vinyl resins, in Figures 3

through 5, shows the fiberglass impregnated with the EF-2 resin has 10 to 30%

]

higher tensile strength than glass impregnated with the vinyl resin, and it

meets the Minuteman ASPC 34421 minimum acceptance requirement of 440,000 psi
for all three test methods. Although a few of the individual samples tested,
which were impcegnated with EF-2 resin, did not meet the minimum Minuteman
requirement of 440,000 psi; acceptance is based on an average of three or more

samples, and the average value for all lots tested met the requirement.

A comparison of the three test methods used ASPC 34421/
WS 1126, ASTM Procedure A and ASTM Procedure B, is shown in Figure 6. No
clear difference in the results obtained by the three test methods and no
aging trends are indicated. The S-901 fiberglass meets the Minuteman ASPC

34421 tensile strength requirements after storage up to 6.5 years.

3. Horizontal Shear Strength

‘,-".

The Horizontal Shear Strength of unidirectional fiber

Pah'ah gb o

reinforced composite (the strength of the composites under shear stress acting

N oF
r_ﬂ _‘I

parallel to the fiber) is measured by the short beam shear test. In this test

B

:c the specimen consisting of a short beam in the form of a segment cut from a
ﬁ:j N.O.L. ring specimen is subjected to symmetric three-point bending. The beam
&3 , . e

:f 1s lcaded until fracture occurs, and the fracture load is interpreted as

e measure of the shear strength of the material.

""

".'h:

re

ro Two test methods were used to evaluate the shear strength.
LR

v

They were the Polaris/Minuteman WS 1126/ASPC 34421 test method and the ASTM

o

D2344 test method. Both test methods were used to establish baseline data for
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future specification changes. The difference between the two methods are as

follows:

(a) The loading nose required in ASPC 34421/WS 1126 is a
flat face 0.25 in. x 0.25 in. inpressor. Where as, the loading nose required
in ASTM D2344 is a 0.250 inch diameter dowel pin with a hardness of 60 to 62
HRC and has a finely ground surface free of indentation and burrs with all

sharp edges relieved.

(b) The ASPC 34421/WS 1126 specifies a specimen length of
0.920 inch (length-to-depth ratio of 3.68), while the ASTM D2344 specifies a
length-to-depth ratio of 7.

The short beam shear tests were conducted on fiberglass at
250°F and on fiberglass boiled in distilled water for 2.0 hours and then
tested at 80°F.

Results of the 250°F shear test, shown in Figure 7, are well
above the ASPC 34421/WS 1126, 1,000 psi minimum acceptance limit for both the
ASPC 34421/WS 1126 and ASTM D2344 test methods. No aging trends are apparent.
Results for the ASTM D2344 test method were slightly lower than obtained for
the ASPC 34421/WS 1126 test method.

Results of the shear tests on specimens tested at 80°F after
a two hour water boil are shown in Figure 8. Specimens tested by both the
ASTM and ASPC 34421/WS 1126 test methods meet the specifications. Results for
the ASTM test method were equivalent to results obtained for the ASPC 34421/
WS 1126 test method. No aging trends are apparent. These test data will be
used as a data base for determining acceptance limits for the ASTM test

method, if this method is used in the future.

e



REPORT MM-11-TR-020

-__;_Q,._.J,,
{
s s B .

l‘l
':.
3..
@ 3
4. Acetone Extractables &
Ca
o]
. . . . ¢
ﬁ The primary degradation of the S$-901 dry fiberglass is the ?f
! LJ
f polymerization of the reactive sizing over time. The degree of polymerization
¥ . .
, is determined by the acetone extraction tests. New fiberglass has extract- §¥
> ables in the 957 range. It has been determined that when the extractables
" .
: reach 70%, the processability and physical properties of the impregnated $-901 u
:* roving is unsatisfactory. N
..
@ This test is conducted by exposing a specified weight of dry ‘
fiberglass roving to acetone in a soxhlet extraction apparatus for a specified
:; length of time and then determining the percent extractables. The same speci-
,¥ .
£~ men is then ignited and the weight percent extraction loss and weight percent
K. insolubles are calculated, -
g 2
f- Figure 9 shows the results for the acetone extractables for .
* Polaris study test results., The Polaris test results showed fiberglass from ¢
b two lots tested, lots 2907 and 2908, had much lower extractables then the
b other lots tested. With the exception of these two lots the Polaris study .
.3 showed no significant aging trends. Lots 2988 and 3143 tested in this study,
R residual to the Polaris study, are shown in Figure 10 with a comparison made
f, to earlier test results for these lots from the Polaris study and newly -
[ .
R manufactured glass, lot 3512. The $-901 fiberglass tested do not show any )
B h“ !
,1 statistically significant loss of extractables due to aging after up <o 6.5 4
; years storage.
Q’, ¢
-.l
;j' 5. Gel Permeation Chromatography
X o', L]
o g
' Preliminary Gel Permeation Chromatography (GPC) tests were
ﬁ: conducted with inconclusive results. .
159 N
b ’
NI
P The GPC tests are to be used for comparison purposes to <
= establish a correlation between Gel Permeation Chromatography and acetone
)
oA
'
" ‘
"l
" -10-
K )
[ J
-
..*
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extractables. These tests are not part of the specifications requirements.

Further GPC testing is planned during the Follow-On Test program.

B. IMPREGNATED FIBERGLASS TESTS

Upon completion of the dry fiberglass test, the same fiberglass
balls were packaged in an insulated container with dry ice and shipped to
Ferro Corporation for EF-2 resin impregnation. Testing was conducted in
accordance with the test matrix shown in Table II. The tests will determine
if the S-901 roving will be within the following ASPC 34422/WS 1028 acceptance

limits:

Test Acceptance Limits

Volatiles Wt % 3.0 Maximum

Ignition Loss Wt X 17.0 - 23.0

Resin Flow Wt X 5.0 - 12,0

Gel Time Minutes 1.0 - 3.5

Horizontal Shear

(1) At 250°F 1,000 psi Minimum

(2) After 2 Hr. Water Boil 6,000 psi Minimum

Tensile Strength 380,000 psi Minimum (Polaris, WS 1028)

440,000 psi Minimum (Minuteman, ASPC 34422)

Impregnated fiberglass test results are listed in Table IV. The

results of each test is described in the following sections.
1. Volatiles
This test is conducted by subjecting a specified length of

preweighed impregnated roving to a temperature of 275°F for 15 minutes in a

vented oven, allowing to cool, and reweighing. The resulting weight loss is

-11-
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calculated as the volatile content. This loss of volatiles is the amount of

residual solvents remaining in the resin system after impregnation.

Figure 11 shows the range of test data obtained for the three
lots tested in this study. As seen from the figure, the volatile content is
well below the 3.0 ¥ maximum acceptance limit for up to seven years storage.

No aging trends are apparent.

2. Ignition Loss and Roving Weight Loss Per Linear Yard

This test, described in Section IV.A.l, determines the amount
of organic material removed from the roving after exposure to 1500°F for 15
minutes. As shown in Figure 12, the ignition weight loss is within the
specifications acceptance limits for the lots tested, which ranged up to seven

years in age.

The roving weight loss per linear yard is determined after

the ignition loss test and is used in the temsile strength calculations.

3. Resin Flow

Resin Flow tests are conducted by sandwiching three-inch
lengths of impregnated fiberglass roving between four layers (two on each side
of the specimen) of fiberglass cloth, The sandwiched material is then pressed
on a flat plate maintained at 300°F by a 1500 gram metal weight (preheated and
maintained at 300°F). The glass cloth containing excess resin is removed, and
the preweighted samples are reweighed. The resulting weight loss is calcu-

lated as resin flow.

The resin flow weight loss versus age is shown in Figure 13
for the fiberglass tested. The average resin flow calculated the three lots
tested, ranging up to seven years in age, were within the specifications

acceptance limits and no aging trend was indicated.
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4. Gel Time

A small section of impregnated fiberglass roving is placed
under controlled heating conditions, and a liquid drop of resin is squeezed
out. The time it takes for the small drop of resin to change from a liquid
phase to a solid phase is the gel time. The gel time versus age is shown in
Figure 14. The gel time is within the specifications acceptance limits for

storage up to seven years. No aging trends were indicated.

5. Horizontal Shear

The Horizontal Shear tests are described in Paragraph IV.A.3.
Figures 15 and 16 show the horizontal shear of the impregnated fiberglass at
250°F and after a two-hour water boil. As seen from the figures, the
horizontal shear strength is well above the specifications minimum acceptance
limits, for samples tested, using both the ASPC 34422/WS 1028 and ASTM D2344
test methods, after storage for up to seven years. The short beam shear of
samples, subject to a 2 hour water boil, which were tested according to the
ASPC 34422/WS 1028 test method were about 20% higher than samples tested
according to the ASTM D2344 test method. There was no difference in the
results obtained, for the two test methods, for fiberglass short beam shear at

250°F. No aging trends were indicated.

6. Tensile Strength

The tensile strength test methods are the same as those in
Section IV.A.2, except the impregnated roving test specimens are prepared

without the resin coating required for the dry fiberglass tests.

The tensile strength of the impregnated fiberglass rovings
versus age is shown in Figure 17. The average tensile strength value was

above the 440,000 psi minimum for three test methods used. There are no

-13~
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differences between the values obtained for the three test methods. No aging

}5 trends were indicated.

"

: V. CONCLUSIONS

)

o The ASPC 34421/WS 1126 specification tests were conducted on three lots
< . . . .

o of dry S-901 fiberglass ranging in age from 4 to 78 months at the time of

testing. All dry fiberglass tested are within the specifications acceptance

limits. No aging trends are indicated for any of the parameters tested.

-

IV

:§ The ASPC 34422/WS 1028 specification tests were conducted on three lots
;? of S-901 fiberglass impregnated with EF-2 resin ranging in age from 8 to 83

::_ months at the time of testing. All tested S-901 fiberglass, impregnated with

r&\ EF-2 resin, are within the specifications acceptance limits., No aging trends

;% are indicated for any of the parameters tested.

»%

Based on these real-time aging study test results, the dry and impreg-

-y
-

nated S-901 fiberglass meets all Minuteman specifications after 6.5 years
storage. Based on the calculated zero aging trends, the S-901 fiberglass is

also predicted to be within the ASPC 34421 and ASPC 34422 acceptance limits

) after a minimum of eight years storage. A storage life limit for the S$-901
& may be predicted with additional testing.

N
._’:'
_ﬂ'
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) Table IV. TImpregnated Fiberglass Test Results, Sheet 1| of 6

f:"

) oy
'y ="
X Items 1., 2., and 3, - Volatiles, Ignition Loss, and weignt per Linear Yard ¥
!.

;
[ Lot 3 Ball & Volatiles, Wt.$ Ignition Loss, Wt.3 Weignt/Linssr Yard, gms/yd. |
8 H
‘ — — — 4
» 2983 12 L2 X, 3.7 X, 0.595 Xy
\ lal l-2 1805 18-6 0.536 3-396 v
- 1.2 18.6 0.597 ¥
33

-
[ & - - _

~ 2938 14 1.5 X 19.9 %, 3.596 X,

b 1.4 1.4 19.5 19.7 .595 2.595 :
% N
s 1.3 19.6 ¢.595

2 .
o 2143 23 13 X, 9.3 X, 3.591 X, -
o 1.5 1.4 18.9 19.¢ 3.593 2.592 g
- 1.4 19.1 2.593 3§
N 1143 29 1.4 x, 18.7 ;3 54399 X, h
& 1.4 1.4 13.7 16.3 4,339 £.532
1.3 13.9 2.539 [
N 3512 44291 Ll X 17.7 §3 C.633 X, :
= 1.1 1.1 17.9 17.3 C.605 T.604 )

r

- 1.1 17.8 0,504 ¢
; ;
!

-
% ) :
B -4
Y L]

ot

2
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Table IV. Impregnated Fiberglass Test Results, Sheet 2 of 6

2983

3143

3143

3512

Y -
';‘.' .‘? ..-.-fff“‘z.r.(f"'h 2 /

Items 4. and 5. - Resin Flow and Gel Time

Ball § Resin Flow, Wt. % Gel Time, minutes
12 16.83 2‘3 2.5 §3
8.65 9.14% 2.6 2.6
7.95 2.6
14 12.52 73 2.2 73
11.33 9.58% 2.2 2.2
5019 2.3
23 7.13 x3 2.3 x3
5.97 6.51% 2.2 2.3
65.42 2.3
29 11.20 x3 2.2 x3
10.25 9.72% 2.3 2.3
7.72 2.3
44291 9.59 i'3 2.4 73
9.23 8.72% 2.3 2.4
7.54 2.5
_23_
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5!t Table IV. Impregnated Fiberglass Test Results, Sheet 3 of 6
.‘.'
o
e Item 6. - Horizontal Shear Strength per WS 1128/ASPC 34422
LY
B
) Horizontal Shear Strength, PSI
et Lot $ Ball ¢ 259°F Test Temperature After 2 hr. Water Boil
o
2 5 2383 12 4134 13162  _
t;::. 4218 xS 13459 xs
‘e 4174 3963 12992 13386
- 4216 13696
@ 3071 13623
‘a0
»
"
P 2988 14 2763 _ 12732 _
@ ; 2598 X, 12767 X,
o 2623 2799 13666 13¢72
bt 2881 13241
o 3132 12952
o
) A
o 3143 23 3292 _ 13476  _
oS 2824 X 13453 X,
B 3388 3963 13159 13343
K 3164 13641
i 2738 12976
2.
o 3143 23 3128 _ 13607 _
s 3398 X, 13944 X,
ik 3222 3264 13133 13557
iJH 3282 13213
N 3291 13838
~i;:l
s
o,
‘ -
3512 44291 3546 _ 13670 _
2 3463 X 13294 X,
e 3647 3449 13478 13461
N 3366 13412
Y 3223 13519
b 2,
s
ol
b
W]
o
?" Y —24-
o
Y
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Table IV. Impregnated Fiberglass Test Results, Sheet 4 of 6

——
ICATRAN

Item 7. - Horizontal Shear Strangth per ASTM D2344

Horizontal Shear Strength, PSI

hg Lot ¢  Ball & 252°F Test Temperature After 2 nr. Water Boil
7 2983 2 7625 11044  _
i;:_- 7888 X 11399 X,
6009 6872 11339 11179
6048 11171
g 6800 16944
Ly
| & 2988 14 3282 _ 11102
3389 x, 11235 X
3367 3384 11176 11243
j o 3476 11732
‘ 3405 12952
|
3143 23 7352 _ 11339
i 6285 X, 10965 X,
v 8989 7034 11324 11372
6347 11753
' 6496 11471
F 3143 29 5438 11570 _
4 5398 X 11383 X,
5439 6425 11626 11372
o 8715 11529
7164 19757
-
b 3512 44291 2571 _ 10977
2%1 X, 11159 %,
o 2683 2621 11954 11243
% 2633 11054
2659 13996
Z
o -25-
i
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A Table IV. Impregnated Fiberglass Test Resultg, Sheet 5 of 6
Wl
N
.'
. ltem 8. - Tensile Strength per WS 1128/ASPC 34422
.
':: Lot § Ball § Tensile Strength, PSI
KO
R _
'y 2938 12 510966  x,
" 532802 519827
O 515772
i
G
W
it
& 2988 14 545882 §3
o 538571 538571
o 531261
"
¢
N 3143 23 477618 X,
oo 514358 493947
39, 439365
““La®
s
!..P -
o 3143 29 527713 X,
&
ey 522871 523451
@ 519768
=
0 _
.-’; 3512 44291 532947 X,
o 518543 522544
Ll 516142
%
s
i
e
-
o
2 -26-
[}
iy
1%

S -
- I’afl
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Table IV. Impregnated Fiberglass Test Results, Sheet 6 of 6

Items 9. and 10. - Tensile Strengtn per ASTM 2343, Procedures A and B

Tensile Strength, PSI

Lot # Ball ¢ Procedure A Procedure B

2988 12 484144 _ 537668  _
510906 Xg 515772 Xg
413591 482192 537668 522197
496309 501769
506010 518106

2988 14 448403  _ 560534  _
426471 Xg 558067 Xeg
421597 422572 548319 542958
419160 538571
397227 509328

3143 23 492314  _ 548649  _
5413321 Xe 526605 X
538851 521216 538851 524645
533953 494764
499662 514358

3143 29 532554 _ 508347 _
503526 Xg 532554 Xe
520451 525776 527713 527229
532554 564923
539816 533526

3512 44291 530546  _ 552152  _
523344 Xg 554553 Xg
513742 517103 523146 542149
511341 525745
506540 542149
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